SARRIA, A. CARBAJAL and M.P. VAQUERO. Iron status biomarkers in iron deficient women consuming oily fish versus red meat diet. J Physiol Biochem, 65 (2), [165][166][167][168][169][170][171][172][173][174] 2009. Specific recommendations for anemic individuals consist in increasing red meat intake, but the population at large is advised to reduce consumption of red meat and increase that of fish, in order to prevent the risk of developing cardiovascular disease. This study aimed to determine the effects of consuming an oily fish compared to a red meat diet on iron status in women with low iron stores. The study was designed attending the Consolidated Standards of Reporting Trials (CONSORT) statement guidelines. It was a randomised crossover dietary intervention study of two 8-week periods. Twenty-five young women with low iron stores completed the study. Two diets containing a total of 8 portions of fish, meat and poultry per week were designed differing only in their oily fish or red meat content (5 portions per week). At the beginning and the end of each period blood samples were taken and hemoglobin, hematocrit, serum ferritin, serum iron, serum transferrin, serum transferrin receptor-2 and the Zn-protoporphyrin/free-protoporphyrin ratio were determined. Food intake and body weight were monitored. During the oily fish diet, PUFA intake was significantly higher (p=0.010) and iron intake lower (mean±SD, 11.5±3.4 mg/day vs. 13.9±0.1 mg/day, p=0.008), both diets providing lower mean daily iron intake than recommended for menstruating women. Although there were no significant differences after 16 weeks, serum ferritin moderately decreased and soluble transferrin receptor increased with the oily fish, while changes with the red meat diet were the opposite. In conclusion, an oily fish diet compared to a red meat diet does not decrease iron status after 8 weeks in iron deficient women.
Iron deficiency and iron deficiency anemia are common worldwide and the population at greatest risk includes women of child-bearing age and children (32) . The consequences of this micronutrient deficiency have an important socioeconomic impact, and prevention of iron deficiency has been a goal of the World Health Organization since 1992 (31, 32, 33) . The major causes of iron deficiency anemia are a combination of low iron intake and low iron bioavailability (34) .
Dietary advice to individuals with iron deficiency consists of increasing the intake of meat products, which are rich in heme iron. Furthermore, animal tissue such as beef, fish, chicken or pork contains an active compound, or a group of compounds, known as "meat factor", which is a promoter of nonheme iron absorption (18) . In addition, animal tissue was shown to have a stronger effect than other dietary factors on nonheme iron absorption measured from single meals (25) . Although the exact mechanism by which the "meat factor" enhances iron absorption remains unknown, numerous studies have shown this absorption-enhancing effect in beef (8, 17) and pork (2) . The effect of lean fish as a promoter of iron absorption has also been reported (11, 13) . Our research group recently observed the same enhancing effect when oily fish was added to a phytate-rich meal (21) .
However, these results were obtained in food component or single-meal studies. The enhancing effects of a specific food or its components when consumed as part of a complete diet have been questioned. COOK et al. (5) observed that ascorbic acid has a more pronounced absorptionenhancing effect when consumed in a single meal than as a part of the diet. The reason for this inconsistency is that adaptive responses in iron absorption take place to maintain iron homeostasis.
REDDY et al. (26) compared nonheme iron absorption in 7 healthy men and 7 healthy women who consumed a selfselected, meat or non-meat diet. These authors observed no differences in nonheme iron absorption between diets, although they did find a correlation between animal tissue intake and nonheme absorption. Ball and Bartlett (3) reported lower serum ferritin levels in vegetarians than in omnivores, although the percentage of subjects with low iron stores (ferritin < 12 μg/L) was similar in both groups. However, TETENS et al. (29) informed that vegetable-based diets reduced serum ferritin after 20 weeks in women with low iron stores, while a meat-based diet maintained their serum ferritin levels. The fact that other authors have observed no differences in iron status between vegetarian and omnivore subjects (6, 10) has been attributed to the up-regulation of iron absorption.
In contrast to specific recommendations for anemic individuals that consist in increasing their red meat intake, the population at large has been advised to reduce consumption of red meat and increase that of fish in order to prevent the risk of developing cardiovascular disease.
Keeping these medical guidelines in mind, and also considering that oily fish and red meat have been proved to increase iron absorption, but their effects have never been compared in a whole diet, the aim of this study was to compare the effects of a diet rich in oily fish with those of a predominantly red meat diet on iron status in women with low iron stores.
Material and Methods
Subjects.-Thirty Caucasian menstruating women, between 18 and 30 years of age, volunteered to participate in the nutritional study.
After being informed of the study conditions and signing an informed consent, the women underwent blood tests to determine their hematological parameters. They also completed questionnaires relating to their lifestyle, chronic diseases and medical treatments.
The following inclusion criteria were applied: menstruating, non-smoking, non-anemic females with low iron stores (ferritin < 30 ng/ml). Participants should not be taking iron supplements or have taken them in the 12 months previous to the study. Volunteers should not be suffering from chronic gastric or iron-metabolism-related disease nor, be allergic to fish or be vegetarians.
Of the 30 women who were initially interested in taking part in the intervention trial, three were excluded for presenting hemoglobin levels below 11 g/dl, and two were smokers, therefore the final number of participants was 25. All volunteers were asked to report recent signs of infection at the scheduled blood sampling to avoid unusually high serum ferritin concentrations.
Study protocols were approved by the Ethics Committee of the Spanish Council for Scientific Research and the Ethics Committee of the Hospital Clinica Puerta de Hierro, both in Madrid (Spain).
Study design.-The study was a twoperiod randomized crossover intervention. Each period was 8 week-long. The trial was held during the autumn months. The 25 women participating were randomly distributed into two groups of twelve and thirteen subjects.
Two diets, differing only in their red meat or oily fish content, were tested. Dietary recommendations were given only in relation to meat, poultry, fish and egg intake. Volunteers were requested to maintain their usual dietary habits, with no restrictions to the rest of the food group intake. The red meat diet contained five portions of red meat, one portion of lean fish, two portions of poultry and two eggs per week. The oily fish diet contained two portions of salmon, one of waterpacked tuna, one of sardines in olive oil, one portion of lean fish, one portion of red meat, two portions of poultry and two eggs per week.
Dietary control and compliance.-Each subject's dietary intake was regularly evaluated to control any possible changes in dietary patterns, including those related to the consumption of red meat or oily fish. Volunteers were asked to fill out a 24-hour-dietary recall with the menus they consumed every day, focusing on the ingredients. Once per month they were also asked to complete a 72 hour detailed food intake report, specifying the types of food consumed and serving weights. Compliance was assured by the daily menu forms, as well as weekly interviews of volunteers with one member of the research team at the time of collection of the daily records.
At the end of the first period, volunteers were asked to substitute the oily fish for the red meat diet or vice-versa, but continuing to eat as they had in the previous 8 weeks.
Anthropometric measures and physical activity.-Weight and height of each volunteer were measured, and body mass index (BMI) calculated, at 9.00 h on day 0 (baseline) and on weeks 4 and 8 of each intervention period, after a 12-h fasting period.
The questionnaire about physical activity was completed during the first and last visit by interview with the volunteers. For its determination all women were asked about their occupation, sleeping hours and additional activities at work and during the rest of the day. The physical activity questionnaire included representative values expressed as multiples of Resting Energy Expenditure (REE). Average daily exercise was calculated taking into account the intensity level and time spent on each activity (23) . Activities were divided in 5 categories (resting, very light, light, moderate and heavy).
Blood sampling and biochemical assays.-Volunteers reported to the laboratory facilities at baseline (day 0) and week 8 of each period. Blood samples were collected by venipuncture between 08.00h and 08.30h, after a 12-h fasting period. Serum and plasma were obtained after centrifugation at 1000g for 30 minutes and stored at -80 ºC.
Hematological parameters were determined following standard laboratory techniques and using the Symex NE 9100 automated hematology (Symex, Kobe, Japan) and the Modular Analytics Serum Work Area (Roche, Basel, Switzerland) analyzers. Measurements of hemoglobin concentration, hematocrit, serum ferritin, serum transferrin and serum iron were carried out.
Serum transferrin receptor (sTfR) concentration was determined using an ELISA technique (sTfR Human ELISA, Biovendor, Heidelberg, Germany).
The (Zinc-Protoporphyrin / Free protoporphyrin) (Zn-PP) ratio was determined by spectrofluorophotometry (spectrofluorophotometer RF-1501, Shimadzu, Japan), at an excitation wavelength of 415nm and a screening emission wavelength from 550 to 700 nm. Values are expressed as follows:
Maximum absorbance peak -[(minimum absorbance at 570 nm + minimum absorbance at 700 nm)/2].
Statistics.-The SPSS 15.0 statistical package for Windows was used to study the data. Data are presented as mean ± SD. Data were analyzed with a univariant ANOVA to study the influence of diet, the group to which volunteers were assigned and the order in which they started the dietary treatment. Once the influence of the group and the order were confirmed as not statistically significant, the % change of iron status parameters between dietary treatments were analyzed with ANOVA tests. Values of p lower than 0.05 were considered as statistically significant.
Results
Dietary assessment and anthropometric data.-There were no significant differences between groups 1 and 2 in baseline values of iron status parameters (Table I) .
All volunteers followed the dietary recommendations and a high compliance rate was achieved, according to food intake records. There were no significant differences with regard to nutrient intake between the oily fish and red meat diets (Table II) , except that the former diet contained significantly higher PUFA intake (p=0.013) and PUFA/SFA ratio (p=0.001) and lower iron intake (p=0.028) than the red meat diet.
Body weight and BMI (22.1±2.2) did not vary during the entire intervention study. All volunteers had a mean physical activity factor of 1.64±0.11, considered as light-moderate, and did not vary throughout the dietary intervention.
Iron status biomarkers.-No significant differences due to the dietary treatment were observed in the changes of iron status parameters (Fig. 1) . In the red meat diet ferritin concentration increased and sTfR concentration decreased, although this changes were not statistically significant compared to the oily fish-based diet (p=0.177 and p=0.114, respectively).
Discussion
This study shows that it is feasible to carry out a dietary intervention consisting in substituting oily fish for red meat using real portion sizes, within a varied diet. The red meat diet reflects present Spanish eating habits (1) while the oily fish diet concurs with different European guidelines (1, 4) . PUFA intake in the oily fish diet (6 % of total energy intake) was between Spanish (1) and British recom- mendations (4), and n-3 PUFA intake did not exceed the "generally recognized as safe" (GRAS) levels marked by the Food and Drug Administration (7). For the first time, our study compares two omnivore diets varying only in the animal tissue source, red meat vs oily fish. In agreement, iron status of iron deficient women consuming a meat-based diet compared to a vegetable-based diet remained stable over a 20 week period (29) . In addition, the present study has demonstrated that replacing red meat with oily fish within a freely-chosen diet does not negatively affect iron status parameters in young iron deficient women after 8 weeks. We also analyzed two biomarkers, Zn-PP and sTfR, which have been recognized as sensitive iron status indexes and may identify marginal iron deficiency (9, 20) . The decrease of sTfR during the red meat diet, although not significant, points to an improvement of iron status during this period.
Our research group previously demonstrated that salmon enhanced nonheme iron absorption in a phytate-rich meal (21) . In addition, we have recently demonstrated that this group of iron deficient women significantly increased their HDL-cholesterol levels and insulin sensitivity with the oily fish diet compared to the red meat diet (22) .
The total iron content in oily fish is generally very low, being its heme iron content negligible (12) . Nevertheless, fish contains the "meat factor", which increases iron absorption and counterbalances its low iron content. During the oily fish diet, total iron intake was 13 % lower and thus heme iron was accordingly reduced. However, iron status parameters of the volunteers remained unchanged, supporting the claim that the presence of the J Physiol Biochem, 65 (2), 2009
Fig. 1. Changes (%) in iron status parameters with the oily fish-and the red meat-based diet.
All values are mean ± SD of 25 volunteers. Differences between diets were analysed by a multivariate ANOVA with the type of diet as main effect. No significant differences between dietary treatments were found.
"meat factor" in oily fish exerts a compensatory effect.
The higher PUFA/SFA ratio observed with the oily fish diet in our study did not seem to negatively affect iron absorption. Previous studies in rats show that excessive n-3 fatty acid intake impaired iron bioavailability (24, 30) . Serum ferritin levels in human subjects consuming a lean poultry-and lean fish-based diet were lower than those of individuals who ate a lean beef-based diet (28) . This was associated with the saturated fat content of the animal tissue and the heme iron intake, which were higher in the lean beef-based diet. Both factors, iron and fat, may have played a role in our study.
In addition to the composition of the diets, physiological adjustments may have played a role in iron absorption. In two studies carried out in premenopausal women (15) and healthy men (16), a partial physiological adaptation to dietary composition was observed. The difference in total iron absorption between high and low bioavailability diets was reduced from 8-to 4-fold when absorption was compared at the beginning and after consuming the diets for 8 weeks. In a later study, the same author (14) assessed both a high and a low iron-bioavailability diet for 12 weeks each in premenopausal women. and concluded that only the high-bioavailability diet enabled women to absorb more iron in relation to their low iron stores. In the present study, intraindividual variations in menstrual blood loss during the whole study appears to be negligible, as assessed by the health questionnaires filled in by volunteers, thus the results obtained in our study have not been affected by higher or lower menstrual blood losses.
Our results show a very slight difference between diets with regard to blood iron biomarkers, which is probably explained by the high nonheme ironbioavailability of both diets, together with physiological adaptation. Reddy et al (26) suggested that the higher iron status associated with the consumption of an omnivorous diet is due to the intake of heme iron rather than to the enhancing effect on nonheme iron absorption. Approximately 50% of total iron in red meat is heme iron (12) , thus the red meat diet supplied higher amount of total iron and heme iron, but the differences in iron status between dietary treatments have not been observed. However, we must consider that the intervention period may have been too short to assess significant differences between the red meat and the oily fish diet in iron biomarkers. Sample size may have also been an additional limitation in this assay. Therefore, further studies with higher sample size and longer experimental period should be designed.
Individual genetics and environmental factors (diet, physical activity, lifestyle, etc.) all play a role. Our research group has observed (27) that young women carrying the G277S transferrin mutation did not show the well-known inverse association between serum ferritin levels and iron absorption.
The results of the present study show the difficulty of this population group in meeting the currently recommended dietary allowance (RDA) of 18 mg iron/day. Volunteers consuming 5 portions of red meat and 2 portions of poultry per week did not meet the RDA for iron (1, 4) . However, coinciding with Hunt (14), we consider that the amount of dietary iron recommended is not nearly as critical as its dietary bioavailability. In addition, it must be noted that current dietary recommendations for adults, which limit red meat intake to 2 portions per week (1, 4) , may be a risk factor in certain populations predisposed to iron deficiency, such as menstruating women.
Although iron intake is lower with an oily fish compared to a red meat rich diet, this does not lead to relatively impaired iron status after 8 weeks in iron deficient women. The enhancing effect of oily fish on iron absorption and physiological adaptations may contribute to overcome the reduced iron intake, particularly that of heme-iron. It is suggested that a dietary recommendation for populations at risk of suffering from iron deficiency anemia may include red meat, and also oily fish, as the later will provide additional metabolic benefits (22) . Present results also suggest that to substantially increase iron bioavailabilty promotion of functional food supplemented with iron may be a good strategy in this population group. Las recomendaciones nutricionales dirigidas a personas con anemia consisten generalmente en aumentar el consumo de carne roja, mientras que las recomendaciones para la población general están enfocadas a la reducción del consumo de esta carne y aumentar el consumo de pescado, con el fin de reducir el riesgo de desarrollar enfermedades cardiovasculares. El presente estudio se diseñó para investigar los efectos del consumo de una dieta basada en pescado azul frente a una de carne roja sobre el estado de hierro de mujeres con bajas reservas de hierro. Este estudio se planteó de acuerdo con la guía CONSORT (patrones consolidados para la publicación de ensayos). Se trató de una intervención nutricional cruzada, aleatorizada, con 2 periodos de 8 semanas cada uno. Veinticinco mujeres finalizaron el estudio. Se diseñaron dos dietas que contenían 8 raciones de pescado, carne y aves a la semana. Sólo se diferenciaban en el contenido de pescado azul o carne roja (4 raciones semanales). Al inicio y final de cada periodo se obtuvieron muestras de sangre y se analizó la concentración de hemoglobina, hematocrito, ferritina, hierro sérico, transferrina, receptor-2 de la transferrina y el cociente Zn-protoporfirina/ protoporfirina libre. El peso y la ingesta de alimentos se controlaron durante el estudio. Durante la dieta de pescado azul la ingesta de ácidos grasos poliinsturados (AGP) fue significativamente mayor (p=0,010) y la ingesta de hierro se redujo (media±SD, 11,5±3,4 frente a 13,9±0,1 mg/día, p=0.008), siendo el aporte de hierro menor al recomendado para esta población. Aunque no se encontraron diferencias significativas durante 16 semanas, la ferritina descendió ligeramente y la concentración del receptor de transferrina aumentó con la dieta de pescado azul, mientras que los cambios observados con la dieta rica en carne roja fueron los opuestos. En conclusión, una dieta basada en pescado azul comparada con una dieta rica en carne roja, no provoca un descenso en el estado de hierro de mujeres con deficiencia de hierro después de 8 semanas.
